Proceso para el tratamiento de aguas residuales de molino de aceituna mediante células inmovilizadas.
INTRODUCTION
Polyphenols in the olive mill waste waters were investigated by several authors Mouncif et al, 1995; Hamdi et al, 1992; Borja-Padilla et al, 1992a,b) . All the studies focused on the reduction of polyphenols in OMW waters as a first step and then another system could be applied to complete the treatment. In a previous work (Amhajji et al, 2000) , the yield of polyphenols reduction was improved by using agar as a solid material for the cell immobilization. This could not be done on a high scale and may not be easy to handle. The immobilized cell system may require strict conditions for convenient practices in a high scale plant for the treatment of OMW waters. It would be assumed that moulds and yeasts are the most active microorganisms in polyphenol hydrolysis and all the investigations concerning any biological system for the OMW water treatment may use these microorganisms.
The most commonly investigated strains in the field of OMW waters treatment were Aspergillus niger (Hamdi et al, 1992) Candida sp (Mouncif et al, 1995) Geotrichum candidum (Borja-Padilla et al, 1992ab ) and the white olive mould (Amhajji et al, 2000) . Other strains were also used such as A. terreus (Martinez-Nieto et al, 1992) to remove polyphenols from OMW waters for the biomethanization process. In the same way, Rannalli (1991) investigated various combined yeast strains in an aerobic treatment system of OMW waters. These microorganisms were used directly or with different systems including shaked cultures and submerged cells etc.. The choice of solid material to be used in the immobilization of microorganisms would be the most important point in the system. The use of an inert solid system would be practical and should lead to an industrial scale application. The yield in polyphenol reduction may depend on the efficiency of the solid material used in the immobilization.
In the present work, the removal process of polyphenols and the COD reduction was greatly improved by the use of mould strains immobilization on sawdust from woods.
MATERIALS AND METHODS

Assays in flasks
10g of sawdust were introduced into 250 mL erlenmeyer flasks. 5 mL of yeast extract glucose broth (Merk, Germany) were poured on sawdust and 
Polyphenol determinations
Total polyphenols were determined by the method described by . A calibration curve was established in the same conditions using tannic acid as standard at concentrations of 0, 1, 2, 2.4, 3.6, 4.8, 6 and 7.2 ppm. The absorbance (OD) at 725 nm was measured in a spectrophotometer against a blank containing 0 mL of tannic acid.
The COD was determined by the method described by APHA standards for examination of water and waste waters (APHA, 1989).
Microbiological determinations
Ten mL of the sample were diluted in sterile 90 ml of peptone water (0.1%) to prepare the initial dilution (1/10).
PC: Plate Count
Appropriate serial dilutions (up to 10 -6 ) of the sample in distilled water were pour plated on standard plate count agar (PCA) (Difco Laboratory, USA). The plates were incubated at 30 o C for 48 hours.
Lactic acid bacteria counts
Lactic acid bacteria were pour plated on MRS agar (DeMan, Rogosa and Sharpe) (Merck, Germany). Plates were incubated at 30 o C for 48 hours.
Yeast counts
Yeasts were directly plated on PDA (Potato Dextrose Agar) (Biokar, France). The medium was acidified to pH 3.5 with sterile lactic acid (Merck, Germany). The plates were incubated at 30 o C for 48 to 72 hours. 
RESULTS AND DISCUSSION
Physico-chemical
The use of a solid material for immobilizing the culture in the treatment system was studied in order to improve the biological processes for the treatment of olive mill waste waters. The activity of the immobilized mould strains was confirmed by the rate of the polyphenoldegradation. Results reported in Figure 1 showed the effect of the mould strains on the removal of polyphenolic compounds from OMW waters. The initial concentration of polyphenols in the OMW waters was 3.2g/L which had been decreased to 0.42g/L for the assay with 100 mL. This may correspond to a reduction rate of 87%. The highest reduction yield of polyphenols was reached after 15 days . In a previous work (Amhajji et al, 2000) , the authors reported a high level yield reduction of polyphenols using agar as solid material for the immobilization of moulds. In the present study, the yield is still high compared to the previous works and the same efficiency was found with sawdust which is a suitable solid material for handling and using in high scale treatment systems.
The high level of polyphenols in OMW waters especially those generated by the traditional processes would make these effluents hard to treat by the traditional processes because of the high inhibition activity of these compounds which may stop the microbial activity. According to , the concentration of polyphenols may vary in the range of 6 to 17.5 g/l in some Spanish OMW waters. In Morocco, Mouncif et al, (1993) reported a concentration of 64 g/L. Hamdi et al (1993) reported concentrations between 20 and 67.6 g/l in Tunisian OMW waters. In the present study we found a concentration of 25 g/L and this variation could be due to the traditional system for olive processing. The main problem to solve in OMW waters is the removal of polyphenols or at least a reduction to around a concentration under the lethal concentration which may inhibit microorganisms and then a biological process can be applied for the treatment of these effluents.
The removal of polyphenolic compounds was investigated in a previous work (Mouncif et al, 1995) 
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Grasas y Aceites by the use of yeast strains isolated from the OMW waters. The authors found a relatively high reduction yield by yeasts in aerobic cultures. These conditions would not solve the problem since the OMW waters were diluted and the reduction was estimated to around 54 % with more solids in the medium due to the yeast growth. Not only had the process given a low yield in polyphenol reduction, but the time to reach these results was also long. COD was decreased from an initial concentration of 15.7gO2/L to 9gO2/L (Figure 2) . The rate decrease for the COD was relatively low and the attained level is still high compared to the reduction of polyphenols but, even the COD reduction was low, the efficiency of the process is normally aimed to remove polyphenols first and the COD can be lowered in a second phase for completing the treatment.
The decrease of the COD would be related to the microbial activities in the effluent which could be stopped or delayed by the high concentrations of polyphenols in the crude OMW waters as well as a low pH and a high chloride concentration. These factors may act together against the microbial growth and the COD decrease may not reach low levels.
The reduction of COD is less important than the polyphenols at a premium. The removal of the polyphenols from OMW waters would be the most relevant phenomenon to study. This may lead to a non toxic waste for microorganisms and the biological system can be applied in the treatment of these effluents.
According to data reported by Mouncif et al (1993) , OMW waters are highly contaminated with polyphenols (64.7g/l) which may inhibit the microbiota during aerobic and/or anaerobic treatment as was stated by the same authors.
The bioconversion of polyphenols is not directly related to the growth of the strains used. The immobilization of the culture on sawdust would require a heavy inoculation and may have a long lag phase in order to grow. Polyphenol biodegradation can be improved by looking deep into the growth conditions of the strains used in the present investigation.
The low pH of the OMW waters may also be involved in the growth inhibition of the microbiota that would act on COD reduction and facilitate the biological treatment of the effluent. The pH increased during the treatment period from 4.5 to 6.4 (Figure 3) . The pH increase is unexpected and may not find a tangible explanation. The level of the pH reached at the end of the process (6.6) was still low for the microbial growth.
The removal of polyphenols in the OMW waters was investigated using Geotrichum candidum (Borja Padilla et al (1992a) , Aspergillus terreus (Martinez-Nieto et al, 1992), A. niger (Hamdi et al, 1992) , combined yeats strains (Rannalli, 1991), Candida sp (Mouncif et al, 1995) and moulds (Amhajji et al, 2000) . High scale investigations are also being carried out and in the present work we demonstrated the cell immobilization system as a possible system and the efficiency of mould strains in OMW waters treatment and valorization.
Microbiological
The removal of polyphenols was also studied biologically for testing the removal of the inhibitory activity. The microbial profiles including plate counts, yeasts and lactic acid bacteria in the treatment systems showed a normal growth indicating the removal of the inhibiting activity in the medium (Figure 4) . The growth pattern of the microorganisms in the medium as shown on the growth curves during the treatment period could tell about a concentration decrease of the inhibiting compounds in OMW waters.
The presence of yeasts and lactic acid bacteria in the OMW waters may suggest that they would be the most resistant to the polyphenols. The increase of the plate counts in the medium during the process, would also indicate a potent reduction in the polyphenol level in the OMW waters which are responsible for the inhibition. The plate count would group all the ubiquitous microorganisms that would grow on normal media but they are sensitive to the inhibitors as could be seen from the initial numbers. Lactic acid bacteria and yeasts are the main microorganisms which can resist high polyphenol concentrations and they also represent the microbiota of OMW waters as was stated by Mouncif et al, (1993) because of the acidity and the high salt concentration. These are the reasons why we used these microorganisms to study the biological aspect of OMW waters. It would also be interesting to study the behavior of other microorganisms after eliminating the polyphenols and the pH establishment. Donosa-Arce (1979) described some valorizations of OMW waters including single cell protein production by yeasts but the high concentration in polyphenols may inhibit the growth as well as the coloration of the obtained biomass.
Selected strains were also used by Florenzano and Balloni. (1983) , Maestro et al. (1991) , Hamdi et al. (1992) , Martinez et al. (1992) , Borja et al. (1994) , and Mouncif et al. (1995) for the degradation of the polyphenols and the reduction of the COD.
CONCLUSION
The OMW waters generated by olive oil processing units are usually discarded in pits situated beside the unit, but it could also be discarded in natural water steams. This situation may raise the concentration of organic material and inhibitors, which would render the waste water hard to treat.
The strong reduction of polyphenols by the immobilized cultures of moulds on sawdust may undergo some conditions to be studied for a high scale process. This should be defined with more specifications as a procedure for the polyphenol removal from OMW waters. Moreover, the use of a suitable solid material for the immobilization may require certain conditions. In our case sawdust was the only solid material that would give acceptable results in immobilizing microorganisms.
